Abstract. The US Nuclear Data Program maintains and provides easy and free access to several comprehensive databases that assist scientists to sift through and assess the vast quantity of published nuclear structure and decay data. These databases are an invaluable asset for nuclear-science experimentalists and theorists alike, and the recommended values provided for nuclear properties such as decay modes, level energies and lifetimes, and radiation properties can also be of great importance to specialists in other fields such as medicine, geophysics, and reactor design. The Evaluated Nuclear Structure Data File (ENSDF) contains experimental nuclear structure data for all known nuclides, evaluated by the US nuclear data program evaluators in collaboration with a number of international data groups; the Nuclear Science Reference (NSR) database provides complementary bibliographic information; the Experimental Unevaluated Nuclear Data Listing (XUNDL) exists to enable rapid access to experimental nuclear-structure data compiled from the most recent publications (primarily in high-spin physics). This paper presents an overview of the nuclear structure and decay data available through these databases, with emphasis on recent and forthcoming additions to and presentations of the available material.
INTRODUCTION
This paper presents an overview of the US nuclear structure and decay data evaluation and dissemination effort, highlighting the major US network activities and commenting on how these fit into the global structure data evaluation picture. The primary nuclear structure and decay data products available and advances in the versatility and ease with which they can be accessed will be summarized.
THE INTERNATIONAL PICTURE
The US nuclear structure and decay data evaluation and dissemination network is part of an international effort coordinated by the International Atomic Energy Agency (IAEA) through biennial Advisory Group meetings. For many years now, nuclear scientists in Belgium, Canada, China, France, Japan, Kuwait and Russia have contributed mass chain evaluations, but the level of effort has declined with time. Following evaluator training workshops organized in 2002 and 2003 by the IAEA, it is gratifying to see new evaluation efforts emerging in Australia, Argentina, Brazil, Bulgaria and India. In the UK, a reevaluation of nuclear moment data is underway.
If we consider the roughly 2900 known nuclides, responsibility for the continuing evaluation of 30% of them is borne by non-US groups -a very important contribution to the whole.
THE US NUCLEAR STRUCTURE AND DECAY DATA NETWORK
The US network includes scientists from Argonne National Laboratory (ANL), Brookhaven National Laboratory (BNL), Idaho National Energy and Environmental Laboratory (INEEL), Lawrence Berkeley National Laboratory (LBNL), Oak Ridge National Laboratory (ORNL), Triangle Universities Nuclear Laboratory (TUNL) and from McMaster University, Canada, a portion of whose activity is funded from the US. Financial support for the US network is provided by the US Department of Energy, Office of Science, and the total level of effort within the US network is equivalent to that of approximately six full-time employees, although roughly fifteen individuals participate in the effort.
THE MAJOR PRODUCTS
The major products are, of course, evaluated (or, in some cases, compiled) nuclear structure and decay data for all experimentally reported nuclides, accompanied by the means to access those data. It is in the latter area that recent advances have been most exciting.
Principal Databases
The National Nuclear Data Center (NNDC) at Brookhaven National Laboratory (BNL) maintains several major nuclear structure and decay databases and these are web-accessible from the NNDC at http://www.nndc.bnl.gov or from mirror sites.
The three principal databases are the following: NSR: Nuclear Science References bibliographic database (http://www.nndc.bnl.gov/nsr/).
. ENSDF: Evaluated Nuclear Structure Data File (http://www.nndc.bnl.gov/ensdf/); peer reviewed, comprehensive, publicly available at no charge; the primary nuclear structure data source for other special purpose databases and the starting point for a number of major nuclear data publications.
. XUNDL: Experimental Unevaluated Data List; data compiled from recently published literature, primarily in the field of experimental high-spin physics.
The NSR Bibliographic Database
This database now contains approximately 178,000 nuclear science reference citations covering a broad range of topics, e.g., structure, radioactive decay, reactions, theory, etc., and encompassing roughly 100 years of research in nuclear science. About 75 journals plus selected secondary material are scanned continually and the database grows at a rate of about 4500 citations each year. Database updates are provided monthly and the master database is updated weekly.
Each citation provides an entry identification code (keynumber), the source of the information (typically, the journal citation), the title of the paper, the list of authors, and a keyword abstract summarizing the contents of the paper. Whenever possible, an active link to the journal publisher's site is provided for easy access to the article itself. If data from the publication have already been compiled and included in the XUNDL database, an active link will take the user to them. If the citation is for an ENSDF mass chain or nuclide evaluation, a link will be available to the evaluation itself.
Text-string, keynumber or indexed searches of the contents of the database can be performed. In addition to allowing a choice of publication year(s) and the ability to limit the search to papers containing experimental data, indexed searches permit a Booleananded search on up to three topics chosen from a list of about fifteen including, e.g., author, first author, nuclide, target, beam, reaction, and journal coden.
The ENSDF Database
This database provides a comprehensive summary of nuclear structure and decay data for all nuclides whose observation has been reported. Its structure is summarized in Fig. 1 .
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For each atomic mass A, an abstract summarizes details of the evaluation (such as evaluator and cutoff date for literature included in evaluation) and a list of references used in the evaluation. Then, for each nuclide observed with that mass number, a number of datasets will be available. These provide a summary of information obtained from all reactions populating that nuclide (from 0 to about 40 datasets) and all decays feeding the nuclide (as many as 6 datasets) plus a single dataset listing the best values available for level and gamma-ray properties and Q values. Typically, level properties include energy, spin, parity, half-life, nuclear moments, decay modes, configuration and a list of the reactions and decays populating it. Gammaray properties include energy, intensity, multipolarity and multipole mixing ratios.
The ENSDF database draws some information from other databases: atomic mass data (Q values) are taken from the evaluation provided by the Atomic Mass Data Center (France); evaluators obtain lists of references awaiting evaluation from the NSR database and also benefit from the compilations in the XUNDL database for initial data entry.
However, ENSDF is especially important as the source of data for several derivative, special-purpose databases discussed in more detail below, and a number of publications for which it provides the starting point, as illustrated in Fig. 2 Web access to the various datasets that comprise ENSDF is available via an Index that summarizes the database contents and enables the user to select the information of interest. Having made a selection of a nuclide or mass chain, one will be provided with summary information concerning its evaluation and a complete list of all datasets available, each with a link to a list of the references cited in that dataset. One may then elect to access some or all of those datasets and may choose various output options (HTML, download of file or an ENSD-format listing).
The HTML output includes the documentation for the evaluation (evaluator, citation, literature cutoff date, etc.) and provides tables of level data, β-decay data and/or γ-ray data, etc., in the formats familiar from the Nuclear Data Sheets journal publications. One important difference, however, is that all citations mentioned in the evaluation are hyperlinked to their citations in the NSR database.
The XUNDL Database
This is a special-purpose database developed to provide the high-spin physics research community with access to formatted (and, consequently, manipulable) data from the latest publications in that field. It is a compilation (as distinct from an evaluation) of published data and it presently contains material for over 900 nuclides (A=13-288) from a total of more than 1330 recent publications.
B. Singh at McMaster University coordinates this project and D. Winchell at NNDC updates the database as soon as datasets are completed. The data compilation itself is performed by carefully trained and closely supervised undergraduate students at McMaster University who are frequently able to extract tabular data directly from the .PDF files of the relevant publications using commercial software, thereby minimizing typographical errors in the database.
Compilations can be completed much more rapidly than evaluations; as a result, new experimental data are now being included in the XUNDL database almost as soon as they are published.
Major Products for which ENSDF is the Primary Source

The NuDat Database
This database draws on the ENSDF file's Adopted Levels, Gammas and radioactive-decay datasets. With the recent migration of the NNDC databases to commercial relational database management software and the speed of currently available servers, this database can now be interactively searched and interrogated in highly versatile ways via the web. The Home Page for web-based interactions with the NuDat database, recently redesigned and diversified by A. Sonzogni at BNL, is shown in Fig. 3 .
As can be seen there, retrieval of nuclide information from the NuDat database may now be achieved either by entering the nuclide of interest in the window provided or by clicking on the appropriate nuclide in the chart of nuclides; four levels of zoom are available for the nuclide chart. Once a nuclide has been chosen, the ground and isomeric state properties of the chosen nuclide appear in the panel below the nuclide chart and one can choose between "full list of levels" and "level scheme" output options to view the available data. If the "level scheme" option is chosen, all levels will initially be drawn, but controls are included to enable the drawing to be tailored to the user's needs and to improve legibility.
The range of level energies plotted can be controlled, some or all bands can be eliminated from the plot and the quantities shown on the drawing (such as level energy, Jπ or half-life, and gamma-ray energy) can be selected at will. A level of particular interest can be highlighted resulting in highlights on all gamma-rays populating or deexciting it and on the levels they deexcite or feed. A portion of the output resulting from a request for 171 Er is shown in Fig. 4 . If, instead, the "full list of levels" option is chosen, documentation of the relevant evaluation will be given, followed by lists of Q-values and the reactions populating the nuclide and, finally, a full tabulation of all levels known. For each level, its spin, parity, halflife, decay mode(s), and the reactions and decays populating it are given, along with a list of deexciting gamma-rays showing their energies, branchings, multipolarities, mixing ratios and the energy and Jπ of the levels they feed. The upper segment of the output obtained for 
FIGURE 5. Initial fragment of output provided in response to "full list of levels" request to web-based NuDat for 171 Er.
The web-based interaction with NuDat also provides the opportunity to perform interactive searches of information from ENSDF radioactive decay datasets, from ENSDF Adopted Levels, Gammas or from the Nuclear Wallet Cards. The Adopted Levels, Gammas 'search' dialog capabilities are shown in Fig. 6 . Data may be selected for ranges of A, Z, N, level energy and half-life, and for specific decay mode, spin and parity. Conditions may also be set for gamma-radiation multipolarity and energy range for two transitions, and a coincidence requirement with selectable time gate can be imposed on them.
WWW Table of Nuclear Structure
An alternative interface to ENSDF Adopted Levels, Gammas is provided from http://ie.lbl.gov/TOI2003/. Here, searches may be performed for level, gamma or band information or a ladder diagram can be drawn showing all known levels, each with a link providing a table of that level's γ-ray deexcitation data. A band search for a series of odd-A nuclides, e.g., will return a list of all known bands in the nuclides specified and, from that list one could, for instance, select all bands with a specific configuration in order to obtain a tabulation of their energies so that changes in band properties from nuclide to nuclide could be tracked.
The MIRD Database
This database draws on radioactive decay information from ENSDF. However, it outputs intensities for the chosen radionuclide in medical internal radiation dose (MIRD) units for all gamma rays, augmented by Auger electron, conversion electron and x-ray intensities. HTML, PostScript and .PDF output formats are available, and a decay scheme drawing follows the tabulation of energies, intensities and energy-intensity products, given in appropriate units.
Nuclear Wallet Cards
The Nuclear Wallet Cards summarize ground and isomeric state properties. There are now several versions available. The most recent hardcopy version dates back to 2000, but the master file is updated continually and the current version can be accessed via the web where a periodic-table interface facilitates selection of the element of interest. A PDA version is now available for PalmPilot (OS3.0 + mobiledb), a new "Homeland Security" version (also available in hardcopy) provides just decay properties for radionuclides with half-lives exceeding 1 hour, and the Jan. 2000 version has been preserved as the "Nuclear Materials Management and Safeguards" and US Department of Energy Nuclear Materials Inventory Radioactive Decay Constants version so radioactive inventory reporting can be standardized to a single data source.
RADWARE Hi-J Database
This database is designed to provide researchers in high-spin physics with rapid access to the latest level scheme data in the Radware ASCII-gls format used so extensively by those researchers. It contains material reformatted from XUNDL and ENSDF database reaction-gamma datasets. It is available from http://radware.phy.ornl.gov/ and it includes a search engine for coincident gamma-ray pairs.
Special Access Features for Low-A Data
In addition to the means already outlined for accessing structure and decay data, the website at http://www.tunl.duke.edu/nucldata/ now offers .PDF file access to all of the evaluations for A=4-20 published by Fay Ajzenberg-Selove in the journal Nuclear Physics, along with their associated isobar diagrams and level drawings.
Additionally, for references appearing in the recent A=5-10 evaluations, one-line reference summaries are provided at that website, grouped by topic, e.g., shell model, decay, astrophysics, theory, etc.
Other Activities and Products
Members of the US nuclear structure and decay data network are engaged in many more activities than can be detailed here. These include the following:
• Participation in recent IAEA Coordinated Research Programmes such as the development of the database for prompt gamma-ray activation analysis described in another paper in this conference or the evaluation of radionuclide intensity data useful for Ge detector efficiency calibration. • Coordination of the international collaboration known as the "Decay Data Evaluation Project".
• Provision of interactive web-based calculation tools, including a Q-value calculator and the capability to calculate theoretical logft and conversion coefficient values. The latter are based at present on Hager-Seltzer calculations, but a USAustralian-Russian collaboration to facilitate the use in ENSDF of the recent Trzhaskovskaya, Nestor, Tikkanen and Raman [3] conversion coefficient calculations is nearing completion and those will ultimately replace the less-reliable Hager-Seltzer data for this tool as well.
• Occasional provision of topical summaries, e.g., the recent proton-decay data and superdeformedband and fission-isomer data summaries, and a review of alpha decay data from even-even nuclei.
CONCLUDING REMARKS
There are so many more data available and such diverse means of accessing them that one really needs to explore many websites. A good starting point would be to browse a couple of the most extensive USNDP websites
• http://www.nndc.bnl.gov (NNDC, BNL), and.
• http://ie.lbl.gov (Isotopes Project, LBNL) and follow the many links therein to the numerous additional USNDP and international sites. There is definitely MUCH MORE available than could be addressed in this paper.
